Introduction {#sec1-1}
============

Gliosarcoma (GS) is a very rare primary mixed tumor in the central nervous system (CNS), with a biphasic pattern consisting of glial and malignant mesenchymal elements\[[@ref1]\]. It was described for the first time in 1895 by Stoebe\[[@ref2]\]. In the 2007 World Health Organization (WHO) classification of tumors of CNS, gliosarcoma is considered a subtype of glioblastoma (GB).This conclusion is supported by finding identical genetic alterations in both tumor elements\[[@ref3]\]. Most GS are the novo, and are hence termed primary GS, whereas those detected at subsequent surgery for previously resected and irradiated glioblastoma multiforme (GBM) are termed secondary gliosarcoma (SGS) .We report a case of SGS and literature review.

Case Report {#sec1-2}
===========

A 48-year-old Caucasian male consulted for dizziness, headache and epileptic crisis. On neurological examination there were no deficits in sensory or motor functions. Brain Magnetic resonance imaging (MRI) showed a Right temporal process measuring 32 mm and an accompanying peritumoral Edema ([Figure 1](#F1){ref-type="fig"}). A complete macroscopic resection was performed. Histological examination demonstrated a hypocellular tumor with pleomorphic astrocytes, endothelial proliferation and wide range of necrosis Immunohistochemistry was positive for Glial fibrillary acidic protein (GFAP) and negative for anti cytokeratine. A diagnosis of GBM was made.

![Neuroimages of glioblastoma recur after treatment in the same place as gliosarcoma. **A:** axial, **B:** Coronary and **D:** sagittal MRI showed a Right temporal process corresponded to a glioblastoma multiforme before treatment. **D:** Axial and **E:** Coronary MRI image of a secondary gliosarcoma, later found at the same location as the previously treated GBM. **F:** axial CT, performed after the total resection of the gliosarcoma.](NAJMS-3-527-g001){#F1}

The patient was then referred to our department and underwent a post-operative radiotherapy treatment using an isocentric field technique, with 6MV and 23MV photons of a linear accelerator, receiving a total dose of 59.4 Gy in 33 fractions (1.8 Gy per fraction) and concurrent temozolomide 75mg/m2 per day 1h before radiotherapy and at weekends,. Adjuvant temozolomide therapy, 150mg/m2 per day 5 days per month, was administered in 5 cycles. Sixteen months after the radiotherapy had been administered; the patient developed a severe headache, a decreased visual acuity, memory problems, sixth nerve palsy and left hemiparesis. Brain MRI showed a right temporoparietal process isointense inT1 sequence, hyperintense in flair, measuring 72/56 mm. The lesion exerts mass effect with compression of the right lateral ventricle and displacement of the midline structures (Figure [1D](#F1){ref-type="fig"}, [1E](#F1){ref-type="fig"}). Total surgical excision was undertaken, but Post operatoire CT scan showed the persistence of a tumor residue in the inner surface of the cavity ([Figure 1F](#F1){ref-type="fig"}).

Histopathological examination showed a cerebral parenchyma infiltrated by a biphasic tumoral tissue pattern with alternating areas displaying glial and mesenchymal differentiation ([Figure 2b](#F2){ref-type="fig"}). The gliomatous component strongly GFAP positive ([Figure 2a](#F2){ref-type="fig"}) was intermingled with the sarcomatous tumour cells that demonstrated a vimentine expression ([Figure 2c](#F2){ref-type="fig"}). A diagnosis of GS was made. The patient received chemotherapy with a basis of bevacizumab 10mg/kg every 2 weeks and irinotecan 125 mg/m2 every 2 weeks. The patient died from tumor progression after two cycles, approximately 27 months after the diagnosis of GB was made.

![Photomicrographs of the tumor. **a:** The gliomatous component GFAP positive (×100). **b:** Tumour characterised by a biphasic tissue pattern with alternating areas displaying glial and mesenchymal differentiation (HE×40). **c:** the sarcomatous component vimentine positive (×10).](NAJMS-3-527-g002){#F2}
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GS is currently defined as amorphological variant of GBM, which accounts for between 1.8 and 8% of cases. It typically affects older men, with onset between the fourth and sixth decades of life and a male/female ratio of 1.8/1\[[@ref1]\].

Secondary gliosarcoma after treatment of primary glioblastoma multiforme and radiation-induced gliosarcoma are exceedingly rare. Only 54 cases were reported in the literature. Most GS are the novo, and are hence termed primary GS, whereas those detected at subsequent surgery for previously resected and irradiated GBM are termed SGS. The causal relationship between therapeutic irradiation and the delayed induction of neoplastic processes is well established for meningioma, cerebral fibrosarcoma, other sarcomatous variants, and more rarely GBM. The criteria for radiation-induced tumors require that: 1) the tumor appear in the area of irradiation, with a significant latency period between irradiation and the appearance of the tumor, Most post-irradiation soft tissue sarcomas develop no sooner than two to three years after the administration of radiotherapy. The latency period is shortened, and the risk of post-irradiation sarcoma is increased, with increased radiation dose and the administration of chemotherapy. 2) The tumor is absent prior to irradiation, and 3) The new tumor is of a histologically distinct type from the first tumor\[[@ref4][@ref5]\].

In our observation, the latency period of 16 months appears to be perhaps sufficient to incriminate radiotherapy in the appearance of gliosarcoma. But, it may be a lack of sampling primary tumor that has enabled to see only the component glial.

GS are usually located in the cerebrum, involving the temporal, parietal, frontal, and occipital lobes in decreasing order of frequency\[[@ref6]\]. Our patient presented a temporal lobe lesion.

GS corresponds to a WHO grade IV tumor. It is a bimorphic tumor, containing both gliomatous and mesenchymal regions. The sarcomatous region consists of neoplastic mesenchymal cells with associated reticulin formation. These cells are spindle shaped, and demonstrate nuclear atypia, increased mitotic activity and necrosis. The glial regions in gliosarcoma are typical of glioblastoma, with a varying degree of anaplasia and GFAP expression. GFAP immunostaining is most important in distinguishing between GS and GB, with GFAP being present in glial regions, but found in only very low quantities in sarcomatous regions. Vimentin is a marker of mesenchymal cells, with strong vimentin staining in sarcomatous areas but almost no staining in glial regions\[[@ref5]\].

Multiple reports in the literature describe the higher tendency of GS to metastasise to extracranial and intraaxial sites than that of GB. This tendency is reported to be as high as 15% in some studies\[[@ref7]\].

The histogenesis of GS has been the subject of debate. Feigin and Gross, who first described GS, suggest that the cell of origin would arise from neoplastic transformation of blood vessels in a pre-existing GB. However, immunohistochemical studies have failed to detect endothelial markers in the sarcomatous component. Some studies have shown expression of monohistiocytic markers, suggesting that GS develop from histiocytes, whereas others suggest that the origin is from fibroblasts, pluripotent mesenchymal cells of the perivascular adventitia, or perivascular spaces. The presence of identical p53 mutations and similar chromosomal imbalances and cytogenetic alterations in both gliomatous and sarcomatous components strongly supports the concept of a monoclonal origin of GS\[[@ref8]\].

Several authors reported significant biological similarities in the behavior of GS and GBM, suggesting that the same treatment should be applied for these two kinds of tumor\[[@ref6]\]. Treatment modalities described for GS include tumor resection, postoperative radiation therapy, and chemotherapy with nitrosureas, misonidazole, dacarbazine, mithramycin, ametophterin, thalidomide, temozolomide, irinotecan, vincristine, cisplatin, or doxorubicin\[[@ref9]\]. The majority of information on GS therapy is derived from published case series. The total dose delivered in radiotherapy ranged from 45 to 81 Gy in these reports. The mean overall survival of patients receiving radiotherapy is longer (10.6 months) than for those treated only with surgery (6.2 months).\[[@ref10]\].GS is a chemoresistant tumor, but the literature suggests that the use of temozolomide at the same time as radiotherapy ,and after the radiotherapy treatment is concluded, as an adjuvant treatment slightly increases survival\[[@ref11]\].

Currently, there is very little data regarding the response of GS to novel therapies that are being developed and studied for malignant gliomas, such as immunotherapy and cancer vaccine therapies. Most trials with malignant glioma include GS as a variant of GBM, and roles of novel therapies in management of GS becomes difficult to determine\[[@ref12]\]. Current evidence suggests that angiogenesis inhibitors may have clinical utility for GBM patients. The FDA recently approved bevacizumab for use in recurrent GBM patients, based on the clinical benefits observed in two recent phase II trials\[[@ref13][@ref14]\].

The prognosis for GS is generally poor, with a mean survival of 10.5 months since time of GS diagnosis (range 4.5-21 months)\[[@ref4][@ref15]\].In our case the patient survived for 5 months after gliosarcoma diagnosis. The brain edema with increase in intracranial pressure and herniation of the temporal lobe are the immediate causes of death\[[@ref1]\].

Conclusion {#sec1-4}
==========

The data underscore the difficulty associated with management of this disease. The poor survival of patients with SGS who had previously received combined radiation and temozolomide chemotherapy for GBM may reflect a unique molecular profile of GBM that eventually recurs as SGS.
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